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(57) ABSTRACT

A medical catheter includes a detlectable and compressible
catheter shait; a pull ring near a distal end of the catheter
shaft; a distal tip that includes a tip element and a mounting,
shaft; and an attachment apparatus for securely attaching the
distal tip to the catheter shaft, the attachment apparatus
including a compression ring which compresses the catheter
shaft and the mounting shait together. The compression ring
can be located around the catheter shaft to compress the
catheter shaft against an outer surface of the mounting shaft,
or within the catheter shaft to compress the catheter shaft
outwardly against an inner surface of the mounting shaft. The
medical catheter can be an ablation catheter, with the tip
clement being a tip electrode, and it can be an 1rrigated abla-
tion catheter, with the distal tip including a fluid manifold.

21 Claims, 4 Drawing Sheets
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MEDICAL CATHETER WITH DEFLECTION
PULL RING AND DISTAL TIP ATTACHMENT
APPARATUS

BACKGROUND OF INVENTION

1. Field of Invention

The present invention relates to medical catheters, and in
particular to ablation catheters which utilize a detlection pull
ring near the distal end of a deflectable catheter shait to bend
the catheter shaft and the distal tip attached thereto in a
desired direction.

2. The Prior Art

Medical catheters used 1n the diagnosis and treatment of
various medical conditions are in common use throughout the
world. They generally include a deflectable catheter shait; a
handle actuator which supports a proximal end of the catheter
shaft; a pull ring assembly which includes a deflection pull
ring positioned near the distal end of the catheter shaft and
pull wires which extend from the pull ring to the handle
actuator; and a distal tip with specialized tip element con-
nected to the distal end of the catheter shait. Pulling of the pull
wires by operation of the handle actuator will tilt or rock the
deflection pull ring and cause the catheter shatit to bend 1n a
desired fashion.

Ablation catheters are a category of medical catheters used
to ablate tissue, €.g., 1n the treatment of heart malfunctions.
They can be 1rrigated (discharge ablation fluid 1 addition to
ablation energy) or non-irrigated (no discharge of ablation
fluad therefrom). Their distal tip will include a tip electrode
and an energy source 1s connected to their handle actuator to
supply energy to their tip electrode. In 1irrigated ablation cath-
eters a fluid manifold 1s attached to, or 1s one-piece with, the
tip electrode, and a fluid source is attached to their handle
actuator to supply ablating fluid thereto. Their distal tip can
include a mounting shait which cooperates with the distal end
of the adjacent deflectable catheter shaft for connection
thereto.

However, in many medical catheters, including irrigated
and non-irrigated ablation catheters, the distal tips are
attached to the distal ends of the catheter shafts using adhe-
stves. It has been found that over time these adhesives can lose
their adhesion properties, and the distal tips can become
loose. This 1s a dangerous situation that must be avoided.

Also, recurrning tilting and rocking of the pull nings by
operation of the handle actuators can cause the pull rings to
creep along the catheter shafts towards the handle actuators
and away from the distal ends, thus resulting 1n decreased
elfectiveness in detlecting the catheter shaft 1n the desired
mannet.

It 1s an object of the present invention to provide an attach-
ment apparatus for attaching a distal tip to a catheter shatt of
a medical catheter which will reliably connect the distal tip to
the catheter shatt.

It 1s another object of the present invention to provide an
attachment apparatus for attaching a distal tip to a catheter
shaft ol a medical catheter which will prevent creeping of the
pull ring along the catheter shatft.

It 1s a still further object of the present invention to provide
an attachment apparatus that will achieve the foregoing
results 1n e1ther an 1rrigated or non-1rrigated ablation catheter.

SUMMARY OF INVENTION

The foregoing objects are achieved with attachment appa-
ratus which includes a compression ring that compresses the
catheter shaft against a mounting shait of the distal tip to
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reliably connect the catheter shaft and the distal tip together.
In one embodiment, the compression ring compresses the
catheter shaft inwardly against an outer surface of the mount-
ing shaft. In another embodiment, the compression ring com-
presses the catheter shait outwardly against an 1inner surface
of the mounting shaft. When positioned outside of the cath-
cter shatt and between the pull ring and the handle actuator,
the compression ring can provide an abutment that prevents
creeping of the pull ring towards the handle actuator during
use.

The attachment apparatus can include an outwardly-ex-
tending feature, such as an annular lip, on the mounting shaft
to prevent slippage of the mounting shait past the compres-
sion ring. The attachment apparatus can also include features
such a surface 1rregularities (e.g., barbs) on the outer surface
of the mounting shaft to grip an interior surface of the catheter
shaft, or features such as surface irregularities (e.g., barbs) on
an interior surface of the mounting shaft to grip the outer
surface of the mounting shait extending therein. In still
another embodiment, the compression ring can be an insert
within the catheter shaft which 1s otherwise gripped on 1its
outer surface by a mounting shait of the distal tip.

Further aspects and advantages of this mvention will be
better understood by reference to the attachment drawings,
taken 1n conjunction with the following discussion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an 1sometric view of an 1rrigated ablation catheter
system which 1ncludes an irrigated ablation catheter assem-
bly according to a first embodiment of the present invention;

FIG. 2 1s an enlarged side view, partially 1n section, of the
distal end portion of the detlectable catheter shatt, the distal
tip and the attachment apparatus of the irrigated ablation
catheter assembly of FIG. 1;

FIG. 3 1s a sectional view of FIG. 2 as seen along line 3-3
therein;

FIG. 4 15 a side view, partially 1n section, of a distal end
portion of a deflectable catheter shaft, a distal tip and an
attachment apparatus of a non-irrigated ablation catheter
assembly according to a second embodiment of the present
invention;

FIG. 5 15 a side view, partially 1n section, of a distal end
portion ol a detlectable catheter shaft, a distal tip and an
attachment apparatus of an irrigated ablation catheter assem-
bly according to a third embodiment of the present invention;

FIG. 6 1s a sectional view of FIG. 5 as seen along line 6-6
therein, and

FIG. 7 1s a side view, partially in section, of the distal end
portion of a deflectable catheter shaft, a distal tip and an
attachment apparatus of an 1rrigated ablation catheter assem-
bly according to a fourth embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
By

ERRED

FIG. 1 shows an 1rrigated ablation catheter system 10
according to an embodiment of the present imnvention. It
includes an ablation catheter assembly comprised of an abla-
tion catheter 20, a distal tip 30 attached to the distal end
portion of the ablation catheter by attachment apparatus 40,
and a handle actuator 50 which supports the proximal end of
the ablation catheter 20. As part of the irnigated ablation
catheter system 10, an energy source 60 and a tluid source 70
are connected to the handle actuator 50 to supply energy and
fluid to the distal tip 30 via the catheter 20.
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FIGS. 2 and 3 show a distal end portion of the catheter 20,
the distal tip 30 and the attachment apparatus 40. The catheter
20 includes a bendable and compressible catheter shatt 21
that defines a distal end 22 and a hollow interior 23. Guide
channels 24 extend through the wall of the catheter shatt at
diametrically opposed locations near the distal end 22. A pull
ring assembly includes a deflection pull ring 235 positioned
around the shait 21 near 1ts distal end 22, and pull wires 26
attached to diametrically opposed locations on the pull ring
which extend through the guide channels 24 into the hollow
interior 23 and back to the handle actuator 50. The pull wires
26 are respectively pulled by manual operation of triggers of
the handle actuator 50 to cause the pull ring 25 to tilt or rock
relative to the catheter shatt and thereby bend the distal end
portion of the catheter shaft in a first direction or 1n a second,
opposite direction 1n a known manner. A fluid delivery tube
277 extends from the handle actuator 50 through the hollow
interior 23 towards the distal end 22 and 1s supplied with fluid
by the fluid source 70.

The distal tip 30 includes a tip electrode 31, a fluid mani-
fold 33 and a mounting shaft 37. The mounting shait 37 is one
piece with the fluid manifold 33 and 1t extends 1nto the hollow
interior 23 of the catheter shaft. It includes a central axial
passageway 38 into which the fluid delivery tube 27 sealingly
extends, as well as axial channels 39 in 1ts outer surface at
diametrically opposed locations and in which the pull wires
26 can extend.

The fluud manifold 33, which 1s cylindrical 1 shape,
defines a central axial passageway 34 which 1s an extension of
the axial passageway 38, and channels 35 that extend from the
axial passageway 34 to orifices 36 spaced around 1ts periph-
ery. Fluid supplied to the axial passageway 38 from the fluid
delivery tube 27 will tflow to the axial passageway 34, then
through channels 35 to orifices 36 to be discharged therefrom.
In an alternate embodiment the fluid manifold will include
only one channel 35 leading to one orifice 36.

The tip electrode 31 can include channels 32 (indicated in
FIG. 2 with dashed lines) to deliver fluid from the axial
passageway 34 to the distal end thereof (1in an alternate
embodiment only one channel 1s provided). The tip electrode
31 1s connected to the fluid manifold 1n known ways, such as
with adhesive, and can be made of well-known matenals,
such as platinum.

The attachment apparatus 40 includes a compression ring,
41 which 1s positioned around the catheter shaft 21 adjacent
the pull ring 25 between the pull ring and the handle actuator
50. The compression ring 41 1s s1zed to compress the catheter
shaft 21 against the mounting shaft 37 to secure the fluid
manifold 33 and the tip electrode 31 to the distal end portion
of the catheter shaft. It also provides an abutment against
movement of the pull ring 25 towards the handle actuator 50
which can occur due to repeated tilting of the pull ring by pull
wires 26. The compression ring 41 defines an inclined surface
41' facing the pull ring 25 so that movement of the pull ring
against the surface 41' will cause the pull ring to further
compress the catheter shait 21 against the mounting shaft 37.

The attachment apparatus also includes an outwardly-pro-
jecting surface feature in the form of an annular lip 42 on a
free end of the mounting shait 37 in the hollow interior 23.
The outwardly-projecting annular lip 42 1s positioned closer
to the handle actuator 50 than the compression ring 41 so as to
help prevent release of the mounting shaft 37 (and thus the
distal tip as a whole) away from the catheter shaft. Indeed, the
outwardly-projecting annular lip 42 will cause the mounting
shaft 37 (and thus the distal tip as a whole) to snap fit past the
compression ring 41 during mounting of the distal tip to the
catheter 20.
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Turning now to the embodiment of ablation catheter of
FI1G. 4, wherein like elements to the embodiment of FIGS. 1-3
have like reference numbers, 1t can be seen that the tip elec-
trode 31a includes a pull ring 234 1n the form of a cylindrical
skirt that 1s one-piece with the tip electrode (no fluid manifold
1s present). Pulling of the pull wires 26a by the handle actua-
tor (not shown) will cause the distal tip 30a to be directly
moved 1n a first or opposite second direction. Compression
ring 41a of attachment apparatus 40a compresses detlectable
and compressible catheter shait 21aq against the mounting
shaft 37a to secure them together.

In the embodiment of ablation catheter shown 1n FIGS. 5
and 6, wherein like elements to the embodiment of FIGS. 1-3
have like reference numbers, the mounting shait 375 does not
include a projecting annular lip but instead includes barbs 43
on 1ts outer surface which grip the detlectable and compress-
ible catheter shaft 215 compressed thereagainst by the com-
pression ring 415. Trim adhesive 44 covers the compression
ring 415 and extends between the electrode pull ring 2556 and
both the catheter shaft 215 and the fluid manifold 3356. The
trim adhesive provides a smooth outer surface to the catheter
20. The barbs 43 could be replaced by other features or
surface irregularities for gripping the catheter shaft.

In the FIG. 7 embodiment of deflectable ablation catheter,
wherein like elements to the embodiment of FIGS. 1-3 have
like reference numbers, the mounting shaft 37¢ includes
barbs 45 on its inner surface which grip the distal end portion
of the catheter shaft 21c¢ that extends therein, and a T-shaped
reinforcement element 46 having a cylindrical body 47, a rim
48 and an axial passageway 49 therethrough 1s positioned 1n
the hollow interior 23¢ of the catheter shaft. The cylindrical
body 47 functions as a compression ring to compress the
catheter shait 21¢ against the barbs 45 and provide a secure
attachment of the distal tip 304 to the catheter 20c¢. The barbs
45 could be replaced by other features or surface irregularities
that grip the catheter shaft.

While a number of embodiments of the invention have
been shown and described, modifications therein can be made
and still fall within the scope of the appended claims. For
example, 1nstead of the pull rings having two pull wires
connected thereto, three, four or more wires could be con-
nected thereto around its circumierence, with corresponding,
guide channels being provided in the catheter shaft and cor-
responding axial grooves provided in the mounting shaft.
Also, the pull ring could function as an electrode and the pull
wires could be energy conducting so as to deliver energy to
the pull ring from energy source 60. The attachment apparatus
could include multiple compression ring systems positioned
adjacent one another. And trim adhesive could be utilized 1n

the FIG. 2-3 embodiment to provide a smooth outer surface to
the catheter shatt.

What 1s claimed 1s:

1. An ablation catheter assembly which comprises:

a deflectable and compressible catheter shait defining a
distal end and a hollow interior;

a pull nng assembly which includes a deflection pull ring
mounted around the catheter shaft near said distal end
and pull wires;

a distal tip at the distal end of the catheter shafit, said distal
tip including a tip electrode and a mounting shait; and

attachment apparatus comprising a compression ring adja-
cent to and proximal of said pull ring and configured 1n
s1ze for securely compressing the mounting shaft and the
catheter shaft together.
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2. The ablation catheter assembly of claim 1, wherein said
compression ring 1s positioned around said catheter shait to
compress the catheter shait against an outer surface of the
mounting shatft.

3. The ablation catheter assembly of claim 2, wherein said
pull ring 1s positioned on said catheter shaft between said

compression ring and said tip electrode and said pull wires
extend through channels 1n said catheter shaft to the hollow
interior thereof.

4. The ablation catheter assembly of claim 3, wherein said
mounting shait mcludes axial grooves in an outer surface
thereot 1n which respective pull wires extend.

5. The ablation catheter assembly of claim 4, comprising
two pull wires connected to diametrically opposite locations
on said pull ring and wherein said mounting shaft includes
two axial grooves 1n said outer surface at diametrically oppo-
site locations.

6. The ablation catheter assembly of claim 3, wherein said
mounting shait has a free end within said hollow interior of
said catheter shatt that 1s located farther from said distal end
than said compression ring, and wheremn said attachment
apparatus includes an outwardly-projecting annular lip on
said mounting shatt which resists movement of said mounting
shaft past said compression ring towards said distal end.

7. The ablation catheter assembly of claim 2, wherein said
attachment apparatus includes barbs extending outwardly
from said mounting shaft to grip the catheter shatt.

8. The ablation catheter assembly of claim 1, including trim
adhesive covering the compression ring and extending
between the pull ring and both the catheter shaft and the distal
t1p.

9. The ablation catheter assembly of claim 1, wherein said
pull ring comprises an annular skirt which 1s one-piece with
the distal tip.

10. The ablation catheter assembly of claim 1, wherein said
mounting shait defines an axial passageway therethrough,
wherein said catheter shaft extends into said axial passage-
way ol said mounting shait, and wherein said compression
ring 1s positioned within said catheter shaft and compresses
said catheter shait against an inner surface of said mounting
shaft.

11. The ablation catheter assembly of claim 1, wherein said
compression ring comprises a cylindrical body of a T-shaped
reinforcement element located 1n the axial passageway of the
mounting shaft.

12. The ablation catheter assembly of claim 1, wherein said

T-shaped reinforcement element defines an axial passageway
therethrough for ablation fluid.
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13. The ablation catheter assembly of claim 1, wherein said
attachment apparatus includes barbs on the mner surface of
said mounting shaft to grip the catheter shait therein.

14. The ablation catheter assembly of claim 1, wherein said
deflection pull ring 1s an electrode and said pull wires conduct
energy to said pull ring.

15. The ablation catheter assembly of claim 1, wherein said
distal tip includes a flmid manifold between the tip electrode
and the mounting shaft, wherein said mounting shaftincludes
an axial passageway for delivering ablation fluid to said fluid
manifold, and including a fluid delivery tube within said
catheter shait that 1s sealingly connected to said mounting
shaft to deliver ablation fluid to said axial passageway therein.

16. The ablation catheter assembly of claim 15, wherein
said fluid manifold 1s cylindrical 1n shape and defines an axial
passageway and a fluid channel that extends from said axial
passageway to a discharge orifice on an outer surface thereof.

17. The ablation catheter assembly of claim 16, comprising
a plurality of fluid channels 1n said fluid manifold that extend
to respective discharge orifices positioned around a circum-
terence of said fluid manifold.

18. The ablation catheter assembly of claim 1, including a
handle actuator supporting a proximal end of said catheter
shaft.

19. The ablation catheter assembly of claim 1, wherein said
deflection pull ring 1s an electrode and said pull wires conduct
energy to said pull ring.

20. An ablation catheter assembly which comprises:

a detlectable and compressible catheter shaft defiming a

distal end and a hollow interior;

a pull ring assembly which includes a deflection pull ring
mounted around said catheter shait near said distal end
and pull wires;

a distal tip at the distal end of the catheter shaft, said distal
t1p including a tip electrode, a mounting shaft and a fluid
manifold between the tip electrode and the mounting
shaft, the fluid mamifold and the mounting shait being
one-piece, and the fluid manifold including a delivery
channel for delivering fluid to a discharge orifice 1n an
outer surface of the fluid manifold; and

attachment apparatus comprising a compression ring adja-
cent to and proximal of said pull ring and configured 1n
s1ze for compressing the catheter shait and the mounting,
shaft together.

21. The ablation catheter assembly of claim 20, wherein
said fluid manifold include a plurality of delivery channels for
delivering fluid to respective orifices spaced around the outer
surface of the fluid manifold.
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